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Abstract 
 
Background Acinetobacter baumannii (A. baumanii) has recently emerged as a major pathogen causing nosocomial 

infections in patients admitted to intensive care units with a surprisingly rapid acquisition of antibiotic 
resistance. 

Objective To study the rate of occurrence of A. baumanii in different clinical samples and to investigate the association 
between biofilm formation and presence of ompA and bap genes in multi-drug resistance isolates. 

Methods A total of 150 clinical samples were collected from (blood, sputum, urine, wound swab) during a period from 
the first of October 2017 to the end of March 2018 from Al-Imamein Al-Kadhimein City, Central Teaching 
Hospital of Pediatrics, Welfare Children Protection in Medical City and Al-Yarmouk Teaching Hospital and 
tested against 14 antibiotics by disc diffusion method. Quantitative microtiter plate assay was done   for 
detection of biofilm formation. Polymerase chain reaction (PCR) was performed to detect ompA and bap 
genes. 

Results There were 75 A. baumanii isolated from different clinical samples as follows: 41 from blood, 13 from wound, 
12 from sputum and 9 from urine. The results of antimicrobial susceptibility test showed, high rate of 
resistance to Aztronem (94.7%) followed by Cefotaxime (89.3%), Cefepim (86.7%), Meropinem (86.7%), 
Ceftriaxone (86.7%), Ceftazidime (85%), Gentamicin (85%), and Piperacillin (82.7%) respectively. Moderate - to 
- low rate of resistance to Ciprofloxacin (78%), Impenim (46.7%), Levofloxacin (46%), Amikacin (44%), 
Tigacycline (42.3%) and Colistin (44%). The detection of biofilm formation  showed that (52%) of isolate 
produce biofilm and the prevalence of ompA gene was 86.7% while the prevalence of Bap-gene was 34.7%. 

Conclusion High frequency of A. baumannii infection was observed in different hospitals in Baghdad. More than half of 
the isolates were biofilm producer and there is highly significant association between the presence of bap 
gene and  the biofilm formation but not with ompA gene. 
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Introduction 

cinetobacter baumannii (A. baumanii) is 
a Gram-negative bacterium related to 
hospital-acquired infection, especially in 

intensive care unit (ICU) where it causes 
bacteremia, pneumonia, meningitis, urinary 

tract infection and wound infection (1). Serious 
infections caused by A. baumanii are usually 
cured by imipenem as an efficient drug of 
choice. However, reports of imipenem-
resistant A. baumannii strains have been 
increasing significantly over recent years and 
these isolates are often multidrug-resistant 
(MDR) (2). One of the major factor involved in 
bacterial resistance to antimicrobial, chronic 
infections or survival in varying environments is 
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the ability to form biofilms. Biofilms are 
complex mixtures of microbes which are 
predominantly attached to hard surfaces. They 
are often enclosed by thick polysaccharide 
layer which makes them resistant to antibiotics 
and thus very hard to eliminate (3). On the 
other hand, sensitivity to different antibiotics 
as well as microbial metabolism due to biofilm 
formation will be reduced. This is attributable 
to lack of food in the biofilm depth. Slower 
metabolism and antibiotic resistance lead to 
bacterial dissemination which can create a 
quick critical situation (4). There is a variety of 
virulence determinants involved in biofilm 
formation of A. baumannii. This bacterium 
produces a molecule called the biofilm-
associated protein (Bap), which is encoded by 
the bap gene (5).                                                                                       
BAP contributes to the initiation of biofilm 
production after A. baumannii attaches to a 
particular surface (6). Bap is a member of a 
group of surface proteins, which have high 
molecular mass with tandem repeats of 
domains involved in intercellular adhesion. Bap 
is a large protein (854 kDa) characterized in a 
bloodstream isolate of A. baumannii and 
Loehfelm et al., 2008 (7) suggested the 
development and thickness of the mature 
biofilm structure was associated with this 
protein. 
OmpA is a porin and one of the major protein 
in the outer membrane with a molecular mass 
of 38 kDa. Data have shown that this protein 
plays a role in biofilm formation on plastic, and 
also in the interaction of human epithelial cells 
and Candida albicans filaments (8). 
The objectives of this study was to study the 
rate of occurrence of A. baumanii in different 
clinical samples and to investigate the 
association between biofilm formation and   
presence of OMPA and BAP genes in MDR 
isolates. 
 
Methods 
A total of 150 patients were enrolled in this 
study. Different clinical samples (blood, 
sputum, urine, wound swab) were collected 

during a period from the first of October 2017 
to the end of March 2018 from Al-Imamein Al-
Kadhimein Medical City, Central Teaching 
Hospital of Pediatric, Welfare Children 
Protection in Medical City and Al-Yarmouk 
Teaching Hospital/Baghdad. Bacteria were 
isolated and identified by ordinary methods 
according to morphological characteristics on 
cultures and by biochemical tests in the 
laboratories of Microbiology Department, 
College of Medicine, Al-Nahrain University. A 
loopful of pure colony was used to confirm 
identification by the phenotypic VITEK-2 
Systems method. 
 
Antibiotic susceptibility testing  
Seventy-five of A. baumannii isolates were 
tested for their susceptibility to fourteen 
antimicrobial agents include Aztronem, 
Cefotaxime, Ceftriaxone, Ceftazidime, 
Ciprofloxacin, Levofloxacin, Tigacycline, 
Peperacillin, Colistin, Gentamicin, Amikacin, 
Cefepim, Imipenem and Meropinem in 
accordance to Clinical & Laboratory Standards 
Institute (2016) recommendations. 
 
Detection of biofilm formation. 
Quantitative microtiter plate assays for biofilm 
formation were performed according to 
Brossard and Campagnari (2012) (9) as follows:  
A 100 µl of A. baumannii broth turbidity equal 
to 0.5 McFarland and an equal volume of Luria 
Bertain (LB) broth supplemented with 20% 
glucose were added to each well in 96-well 
polystyrene microtiter plates. The plates were 
incubated overnight at 37 °C. The cultures were 
softly removed. The wells were washed three 
times with phosphate buffered saline. The 
adherent cells were fixed with absolute 
methanol for 10 min, stained with 0.4 % crystal 
violet for 15 min, washed three times with 
sterile distilled water and then allowed for air- 
dried. The plates were filled with 250 μl of 33 % 
acetic acid and waited for 15 min. The reading 
of OD at 595 nm absorbance was determined. 
Chromosomal DNA of A. baumannii isolates 
was extracted using genomic DNA extraction 
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kit (Promega, USA). The extracted DNA used as 
a template in Polymerase chain reaction (PCR). 
Specific primer sequences of OmpA, and Bap 
were amplified by PCR, table (1). Twenty-five 

microlitter of PCR mixture reaction were 
prepared according to the program published 
by Badmasti et al. in 2015 (10).    
 

  
Table 1. Sequences and products of ompA and Bap genes 

 

Genes 
Nucleotide      sequences 

(5'                                           3') 
Products 

bp 
GenBank References 

OmpA 
F GTTAAAGGCGACGTAGACG 

 
CCAGTGTTATCTGTGTGACC 

578 
Accession number 

AY485227 R 

Bap 
F ATGCCTGAGATACAAATTAT 

 
GTCAATCGTAAAGGTAACG 

1449 
Accession number 

KR080550.1. R 

 
 

The primers diluted by adding nuclease free 
water depending on the manufacture 
companies' instructions   
The master mix contents were thawed before 
use at room temperature, and the PCR master 
mix was prepared on a separate biohazard 
safety cabinet with wearing hand gloves at all 
times to avoid contamination.  
2.0 µl of each forward and revers specific 
primers was mixed with 12.5 µl PCR master mix 
tubes, 3 µl of DNA template was added then 
the volumes were completed to 25 µl by 
nuclease free water. 
A 25 µl of the PCR mixture were spun down 
with a mini centrifuge.  
The tubes were placed on the PCR machine and 
the PCR program with the cycling conditions 
was installed according to, the Cleaver 
Scientific Thermal Cyclers TC32/80 was used 
for all PCR amplification reactions.   
Initial denaturation step at 95 °C for 60 
seconds, denaturation step 94 °C, annealing 
step 50 °C, extension 72 °C for 60 seconds and 
final extension 72 °C for 3 minutes, total of 
cycles 22 cycle.    
 A 7 μL of each amplified sequence and 100 bp 
ladder resolved by electrophoresis according to 
Sambrook and Russell (2001) (11). The products 
were visualized in UV Tran- illuminator (LKB, 
Sweden).   

Results 
There were 75 A. baumanii isolates from 
different clinical samples as follows: 41 from 
blood, 13 from wound, 12 from sputum and 9 
from urine. This study includes 44 males and 31 
females. The percentage was 58.7% and 41.3% 
of males and females respectively. 
 
Antibiotics by disc-diffusion method 
The results of antimicrobial susceptibility test 
are showed in table (2). 
 
Detection of biofilm formation in A. 
baumannii isolates and its association with 
antibiotic resistance 
The current study showed that (52%) of A. 
baumannii isolates were produced biofilm 
while (48.0%) not biofilm producer. 
All biofilm producer isolates were resistant to 
four or more antibiotics of different classes, 
which considered as Multidrug resistance 
(MDR). This study showed that, out of 39 
biofilm producer there were 12 isolates 
sensitive to tigacyclin and 10 isolates sensitive 
to colistin, in addition to one isolate was 
sensitive to peperacillin.  Statistically there is 
significant association between biofilm and 
antibiotic resistance (Table 3). 
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Table 2. Susceptibility of A. baumannii to different antibiotics using disc-diffusion method 
 

Antibiotic disc Sensitive Resistance Intermediate 

Amikacin 25 (33.3%) 33 (44.0%) 17 (22.7%) 
Aztronem 4 (5.3%) 71 (94.7%)   0 (0.0%) 

Ceftriaxone 10 (13.3%) 65 (86.7%)   0 (0.0%) 
Ceftazidime 11 (14.7%) 64 (85.0%)   0 (0.0%) 

Cefepim 10 (13.3%) 65 (86.7%)   0 (0.0%) 
Cefotaxime 8 (10.7%) 67 (89.3%)   0 (0.0%) 

Colistin 36 (48.0%) 31 (41.0%) 8 (10.7%) 
Ciprofloxacin 12 (16.0%) 59 (78.0%) 4 (5.3%) 
Levofloxacin 31 (41.0%) 35 (46.0%) 9 (12.0%) 

Impenim 32 (42.7%) 35 (46.7%) 8 (10.7%) 
Meropinem 9 (12.0%) 65 (86.7%) 1 (1.3%) 
Tigacycline 35 (46.7%) 31 (41.3%) 9 (12.0%) 
Gentamicin 6 (8.0%) 64 (85.0%) 5 (6.7%) 
Piperacillin 13 (17.3%) 62 (82.7%) - 

 
Gene amplification 

By PCR essay, the amplification of ompA and 
Bap genes in chromosomal DNA of A. bamannii 
was produced an amplicon of size 578 bp and 
1449bp respectively (Figures 1 and 2). The 

present results also showed that, the 
prevalence of ompA gene was 86.7% in DNA of 
isolates, while the prevalence of Bap-gene was 
34.7%. 

 
 

 
 

Figure 1. Gel electrophoresis of amplified ompA gene(578bp). Lane 1: 100 bp ladder. Lanes 2-10:  
Clinical isolates showing positive result (1.5% agarose, 7 v/cm2, 1.5 hrs) 

 
 
 
 
 
 



Talib et al, Biofilm genes in multidrug-resistant in Acinobacter baumannii 

434 
 

 

Table 3. The association between biofilm and antibiotic resistance 
                            

Antibiotic 
 Biofilm 

P value 
 Negative Positive 

AK 
I 8 0 

0.000 R 9 39 
S 19 0 

AZT 
R 32 39 

0.004 
S 4 0 

CRO 
R 27 39 

0.001 
S 9 0 

CAZ 
R 26 39 

0.000 
S 10 0 

FEP 
R 27 39 

0.001 
S 9 0 

CTX 
R 28 39 

0.002 
S 8 0 

CO 
I 5 0 

0.000 R 11 29 
S 20 10 

CIP 
I 2 0 

0.002 R 28 39 
S 6 0 

LEVO 
I 3 0 

0.000 R 13 39 
S 20 0 

IMP 
I 5 0 

0.000 R 11 39 
S 20 0 

MEM 
R 32 39 

0.004 
S 4 0 

TG 
I 3 0 

0.005 R 16 27 
S 17 12 

GEN 
I 4 0 

0.003 R 28 39 
S 4 0 

PIP 
R 27 38 

0.005 
S 9 1 
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Figure 2. Gel electrophoresis of amplified Bap-gene (1449 bp) in genomic DNA using PCR with 
specific primers Lanes 4-8: Clinical isolates showing positive result. (1.5% agarose, 7 v/cm2, 1.5 

hrs) 
 
 

Association between biofilm formation and 
presence of ompA and bap genes 
Out of 39 isolates that produce biofilm there 
were 92.3% possessed ompA gene while out of 
36 isolates that non biofilm producer there 
were 80.6% of isolates possessed ompA. 
Statistically there is no significant association 
between biofilm and presence of ompA.  

On the other hand, the present study found 
that out of 26 isolates that possessed Bap gene 
there is 64% of isolates were biofilm producer 
and only 2.8% non-biofilm producer, 
statistically there is significant association 
between the presence of Bab gene and biofilm 
formation as shown in table (4). 

 
Table 4. Association between biofilm and presence of ompA and Bap genes 

 

Biofilm 
omp A Bap 

Negative Positive Negative Positive 

Negative 7 (19.4%) 29 (80.6%) 35 (97.2%) 1 (2.8%) 
Positive 3 (7.7%) 36 (92.3%) 14 (35.9%) 25 (64.0%) 

Total 10 (13.3%) 65 (86.7%) 49 (65.0%) 26 (34.7.0%) 

P value 0.124 * Ns 0.001* S 
*Ns: non-significant 
* S: significant 

 
Discussion 
This study revealed wide distribution of 75 
(52.0%) A. baumannii among Iraqi patients 
than other microorganism with different 
illness. These results were agreed with the 
study conducted in Baghdad by Al-Kadhmi, 
2018 (12) who reported that A. baumannii 
isolated more than other bacteria. The present 

study also exhibited that the percentage of 
isolates were (58.7%) in males and (29.03%) in 
females. This study agreed with study in Iran 
(13) reported that, (67%) of A. baumannii was in 
males and (32.6%) in female. Also study in 
Palestine (14) was reported that (62.5%) in male 
and (37.5%) in female, while the current result 
disagreed with study done in Iraq (15) was 
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reported that, A. baumannii in males (42%) less 
than in females (58%). The percentage of A. 
baumannii infection in males more than in 
females because males were more exposed to 
the wars than female. 
The result of this study showed that 100% of 
isolates are MDR when tested by standard disk 
diffusion method. The most result of antibiotic 
sensitivity that are the bacterial lowest 
resistance to colistin (44%) and tigecyclin 
(42.3%). This result is in agreement with study 
in USA by Qureshi et al., 2015 (16) who reported 
that about (50%) of isolates were resistant to 
colistin. While this result disagreed with the 
study done in Thailand (2012), who reported 
that (97%) of the isolates were sensitive to 
colistin (17). A study in Saudi Arabia showed that 
(3.9%) of isolated resistance to colistin by Al-
mously et al., 2013 (18). Because this treatment 
is of little use, so there is little resistance to it.  
In this study a very high percentage resistance 
of A. baumannii to antibiotic, similar findings 
showed in Thailand by Thummeepak et al., 
2016 (19) who found that A. baumannii clinical 
isolates developed (82.2%) of resistance to 
ceftazidime, (78.7%) to meropenem, (54%) to 
amikacin and (84%) to ciprofloxacin. Also, study 
by Ghajavand 2015 (13) who reported that 
resistance percentage (53%) to amikacin, (52%) 
of isolates resistance to impenim, (43%) to 
amikacin, (79%) to piperacillin, (86%) to 
ceftazidime and (87%) to ciprofloxacin.  
The existence of β-lactamases, which is the 
most predominate mechanism of β-lactam 
resistance. These enzymes, at least partly, 
hydrolyze carbapenems along with extra β-
lactams (20). Recently a new prolonged 
spectrum AmpC enzyme was recognized in A. 
baumannii, which able to hydrolyze aztronam, 
cefipime and ceftazidime (21). 
In this study among 75 clinical isolates (52%) of 
studied A. baumannii showed biofilm 
formation ability. This finding agreed with 
study conducted by Azizi et al., 2016 (22) who 
found that (63%) of clinical A. baumannii 
isolates were positive for biofilm formation. 
Another study in Iran 2014 reported that 
(66.6%) of isolated produce biofilm (6). Also 
study by Rodríguez-Baño et al., (23) who 

reported that Fifty-six (63%) of isolates formed 
biofilm.  
The differences in biofilm formation among 
clinical isolates, in association with the 
epidemicity of strains and the severity of 
infections (24). 
The current result showed that (86.7%) 
percentage of A. baumannii isolates have 
ompA gene, this result agreed with study 
conducted in Thailand (19) they found that 
(84%) of A. baumannii were harbored ompA 
gene, while other study in Iran reported that all 
isolates of A. baumannii (100%) had ompA 
gene (10,22). 
ompA has been exhibited to play a role in a 
numerous of interactions with the host during 
infection, involved adherence/invasion to 
epithelial cells, initiation of apoptosis in host 
cells and differentiation of host immune cells 
(25). 
This present study showed that the highest 
percentage of ompA gene were in males 
(55.4%) than in females (44.6%) but there is 
not denoting any major connection between 
the sex of the patients infected with A. 
baumannii and their chances of harboring 
ompA gene, this because the gene found in the 
same species bacteria which infect both female 
and male.  
According to the PCR result the highest 
percentage of positive isolates to ompA gene 
(53.8%) was in blood, while the lowest 
percentage (12.3%) was in urine.  
This study noted that the presence of ompA 
gene had no significant association with the 
presence of biofilm in clinical isolates, this 
result agreed with other result (19) reported 
that there were no significant differences 
between biofilm producer and non-biofilm 
producer in the presence of ompA gene.  
The current result showed that (34.7%) 
percentage of A. baumannii isolates have Bap 
gene. Which agreed with study conducted in 
Iran 2015 (10) who reported that (30%) of A. 
baumannii isolates positive for Bap gene while 
Fallah et al., 2017 (26) who found that (92%) of 
clinical isolates of A. baumannii positive to Bap 
gene. 
This study was found that, significant 
association between presence of Bap gene and 
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biofilm formation. The result of this study in 
agreement with the study (26) who reported 
that there was strong association between the 
presence of Bap gene and biofilm formation in 
A. baumannii isolates. While disagreed with the 
study (19) who reported that no significant 
association between presence of Bap gene and 
biofilm formation. A study has shown that Bap 
plays a role in static biofilm maturation and 
maintenance, increasing biofilm thickness on 
glass surfaces (7). 
From data presented in this study, we 
concluded that, biofilm formation is influenced 
by Bap genes, the ability of A. baumannii to 
construct or form biofilms could cause a high 
level of antibiotic resistance and survival 
properties. A. baumannii isolates are capable 
to form biofilms might be selected under 
antibiotic pressure, or conversely, A. 
baumannii might acquire resistance to multiple 
drugs from the biofilm communities.   
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